There is strong evidence that breastfeeding protects infants against infection in environments where clean water cannot be guaranteed, leading to substantial reductions in morbidity and mortality. This is particularly evident in the protection against gastrointestinal disease, although there is also evidence for protection against respiratory infection and otitis media. The evidence for a protective effect of breastfeeding against infection in developed countries has been more controversial, with criticisms being levelled at the methodology of many studies. Evidence is presented from a study in a developed country that met key methodological criteria to show that breastfeeding for 13 weeks offers substantial and continuing protection against gastrointestinal illness. Smaller, but still potentially important, protective effects against respiratory illness also occur. The results add strong support to policies that promote breastfeeding in both developed and developing countries.
Introduction
"Breast is best" is one of the most widely used and best-known slogans in the promotion of breastfeeding. There are several reasons to promote the support of breastfeeding for all mothers and babies, but one of the most important is the protection that breastmilk offers babies against infectious disease. There is very strong evidence from many studies that breastfeeding confers substantial protection against serious morbidity and mortality in those developing countries where access to clean water is not readily available [1] [2] [3] . This subject is discussed in more detail by Victora [4] in this issue.
Evidence both from epidemiologic studies in developing countries and from the physiological components of breastmilk strongly suggests that breastmilk has an important role in protecting babies against infection. In particular, lactoferrin, which binds iron necessary for coliform growth, and lysozymes, which have bactericidal activity against gram-positive and gram-negative organisms, are supportive of the antimicrobial effect of breastmilk. The influence of the immune system and the secretion of IgA in breastmilk is discussed in this issue by Hanson et al. [5] . Taken together, this evidence indicates a clear and important role for breastfeeding as a means of protecting infants from infection.
Breastfeeding and infant infection in developed countries
The central question in this article is the role that breastfeeding may have in protecting infants against infection in developed countries where clean water supplies are guaranteed. A number of authors have expressed skepticism that breastfeeding has such a role in developed countries [6] .
In 1986 Bauchner et al. [7] reviewed all the articles that had appeared in the English-language literature since 1970 investigating the relation between infant feeding and health. They scrutinized all studies that contained at least 40 subjects in their sample and applied four key methodological criteria to evaluate the scientific quality and reliability of the studies. The criteria were the avoidance of detection bias, adjustment for confounding variables, a definition of outcome events, and the definition of infant feeding. They examined 14 cohort studies and 6 case-control studies. Eight of the cohort studies reported a protective effect of breastfeeding against infant infection, and six found no evidence of protection. Four of the casecontrol studies found evidence of a protective effect, and two did not. None of the studies found any evidence that breastfeeding might increase the vulnerability of infants to infectious disease.
The significant finding of the review by Bauchner et al. was that they identified significant methodological flaws in all but two of the studies, and even these two could be criticized for having inadequate sample sizes.
To avoid detection bias, it is necessary to ensure that comparative groups of bottle-and breastfeeding motherinfant groups are studied with equal vigour. For example, breastfeeding mothers may be more anxious and therefore more willing to report episodes of infection to their physicians. In addition, it is important to ensure that the interval between any possible infectious episode and the recording by the investigator is sufficiently short, because there is a high incidence of failure to recall significant episodes when the reporting interval is long.
In most developed countries, there is a strong social class bias between bottle-and breastfeeding mothers, with breastfeeding mothers coming from the higher socioeconomic groups. This and other differences between bottle and breastfeeding mothers can introduce important confounding variables that may explain differences in rates of infectious disease in children of the two groups that are not attributable to the method of feeding. Unless great care is taken to allow for confounding variables, it is not possible to attribute reliably any difference in infectious disease frequency to the effect of breastfeeding itself. Studies that do not take due account of confounding variables, therefore, must be regarded as scientifically flawed.
A third important factor is to make clear definitions of the outcome events and to apply them with equal rigour to both bottle-and breastfeeding groups of mothers. In particular, when studying the effect of infant feeding on diarrhoeal disease, it has to be borne in mind that the stool consistency differs between bottle-and formula-fed infants. Unless rigorously applied criteria are applied to the definition of infant disease, it is possible that spurious differences between bottle-and breastfed infants will be observed.
Finally, many mothers do not fall neatly into bottleor breastfeeding categories, as early introduction of formula and solids, mixed feeding, and use of expressed breastmilk may complicate the definition of infantfeeding categories. It is important, therefore, that infantfeeding groups be defined precisely on the basis of carefully collected contempora neous information about the feeding pattern of the infant.
Applying these criteria, Bauchner et al. found methodological weaknesses in the great majority of the studies that had examined the potential protective effect of breastmilk against infection in young infants. They concluded that "breastfeeding has at most a minimal protective effect in industrialized countries. " In my view it would have been more appropriate to conclude that a rigorous study of the potential protective effect of breastfeeding against infection should be carried out using a sample of sufficient size. Because of the methodological weaknesses in the previously published studies, it was equally as possible that an important protective effect of breastfeeding against infection had been concealed or minimized in some of the studies as that a protective effect had been reported that did not exist.
Dundee Infant Feeding and Health Project
Because of the unsatisfactory nature of the published reports, a study was performed in Dundee, Scotland [8] , to investigate the relation of infant feeding and infectious disease using a methodology that took into account the requirements set out by Bauchner et al.
The specific aims of the study were (1) to compare the frequency of childhood illness in breast-and bottlefeeders after correcting for confounding variables and (2) to determine if the frequency of childhood illness is influenced by the duration of breastfeeding.
Study sample
Details of the study sample and the methods of recruitment have already been published [8] . A total of 750 mothers were recruited to the study, of whom 6 withdrew after delivering their babies. Because the objective of the study was to include only healthy babies of normal birthweight, a total of 70 babies were excluded because they either were delivered before 38 weeks with a birthweight of less than 2,500 g or spent more than 48 hours in the Special Care Baby Unit. This left 674 mother-infant pairs, who were followed up for two years with a 91.5% completed followup rate.
Avoidance of detection bias
To overcome the problem of detection bias, followup was carried out by both "hot" and "cold" pursuit. Medical, social, and obstetric data were collected at birth and used in allowing for confounding variables. Each mother-child pair was visited at home at 0.5, 1, 2, 3, 4, 6, 9, 12, 15, 18, 21, and 24 months after birth, and detailed information was collected about the child's feeding and health. Standardized questionnaires were used, and the visitors were given instruction sessions to standardize the method of data collection. In addition to this hot pursuit of information, further data were acquired by scrutiny of the general practice records to identify episodes of illness that were reported to the general practitioner but not to the health visitor. This method of data collection was applied with equal vigour to all groups of mothers in the study.
Definition of outcome event
The intention of the study was to define the effect that infant feeding would have on episodes of serious illness.
The definitions of illness were adapted from those used by Chandra et al. [9] in a previous study. The episodes of infectious disease had to last at least 48 hours before they were considered significant. Gastrointestinal infection was defined as vomiting and diarrhoea, respiratory infection as coryza and cough or wheeze, and ear infection as painful discharging ear, all lasting for at least 48 hours. Infections of mouth and skin were determined by the presence of inflammation, and eczema was diagnosed by a physician on the basis of typical signs. The episodes of illness were reported to the study coordinator, and if there was any doubt whether an episode qualified for inclusion under the study criteria, a decision was taken by a paediatrician who reviewed the information without knowing the feeding category of the subject.
Definition of infant feeding
During each visit detailed information was collected about the infant's feeding in the previous 24 hours. This was done to ensure that accuracy of recall would be maximized. Information was collected about the number of breastfeeds, the number of formula feeds, the number of solid feeds, and the number of juice and water feeds. This information was used to calculate the dates of the first introduction of formula, cow's milk, and solid feed as well as the last date of breastfeeding.
On the basis of this detailed contemporaneous information about breastfeeding, babies were allocated to one of four groups. (1) Bottle-feeders were exclusively bottle-fed from birth. (2) Early weaners were breastfed for less than 13 weeks. (3) Partial breastfeeders were breastfed for 13 weeks or more, but formula or solidfood supplements were introduced before the age of 13 weeks. (4) Full breas-feeders were breastfed for 13 weeks or more, and no formula or solid-food supplements were introduced before the age of 13 weeks. The comparative analyses were carried out using these four infant-feeding groups.
Adjustment for confounding variables
A total of 40 potential confounding variables were identified in the groups of maternal factors, infant factors, and paternal factors. Although a number of factors differed between bottle-and breastfeeding mothers, the three most significant confounding variables among the main groups were social class, parental age, and maternal smoking. A regression analysis technique was used, and after allowing for these three factors, all other differences were nonsignificant. Reanalysis of data introducing a greater number of confounding variables made no difference to the final conclusions.
Calculation of sample size
The principal outcome variable was determined as the incidence of gastrointestinal disease in the first 13 weeks of life. This was expressed as the proportion of babies having one or more episodes of gastrointestinal disease during that time. On the basis of the data of Fergusson et al. [10] , it was hypothesized that breastfeeding would lead to a reduction in the incidence of gastrointestinal illness from 16% to 8% in the first 13 weeks of life. It was calculated that a sample size of 560 mother-baby pairs would be needed to achieve a 90% certainty of a significant result at the .05 level (two-tailed test). Thus, the actual sample size of 674 resulting from the original recruitment of 750 mothers was more than sufficient. Figure 1 shows the percentage of babies with one or more episodes of gastrointestinal disease in the first 13 weeks of life, according to their infantfeeding category as defined above. The unshaded columns show the observed incidence of gastrointestinal illness, and the shaded columns show the adjusted incidence after allowing for the three confounding variables described above. The observed incidence of gastrointestinal illness in bottlefed babies was 19.3%. This did not differ significantly from the observed incidence (18.3%) in babies who were weaned before 13 weeks, usually within a few days of birth. These incidences contrasted sharply with those in the partially and fully breastfed groups (4.8% and 2.2%, respectively). The latter two groups did not differ significantly in the frequency of gastrointestinal illness. When the incidence of gastrointestinal illness in the breastfed babies, whether partially or fully breastfed, was compared with that in the bottle-fed babies, there was a highly significant difference that persisted after adjustment for confounding variables (p < .001).
Results

Incidence of gastrointestinal disease during the first 13 weeks
Similar comparisons were made among these four feeding groups for the periods 14 to 26 weeks, 27 to 39 weeks, and 40 to 52 weeks. The results are shown in table 1. Although the relation between breastfeeding and protection against infection became less clear-cut as time progressed, there was a persistent reduction in the incidence of gastrointestinal illness in those babies who had been fully breastfed for 13 weeks compared with those who were bottle-fed from birth. This difference persisted despite the fact that many of the mothers who fully breastfed their babies during the first 13 weeks had completely weaned them by the age of one year.
The relation between infant feeding and respiratory infection was also analysed (table 1). In general, the incidence of respiratory infection during the first year of life was less among partially and fully breastfed babies, but the differences were much smaller than those for gastrointestinal illness, and they were only observed during the periods from 0 to 13 weeks and from 40 to 52 weeks.
Effect of breastfeeding on hospital admissions for infectious disease
The effect of breastfeeding upon the incidence of hospital admissions of babies for infectious disease was studied, using babies who were bottle-fed from birth as the comparative group ( fig. 2 ). When the results were expressed as an odds ratio, the incidence of admission was similar for babies who were breastfed for less than 13 weeks and for those who were bottle-fed from birth. By contrast, the incidence of admission was significantly lower for all the groups of babies who were breastfed for more than 13 weeks than for those who were bottlefed from birth. No significant protective effect of breastfeeding was observed against ear, mouth, eye, or skin infection, colic, eczema, or nappy rash.
Conclusions
Breastfeeding for 13 weeks reduces the rate of gastrointestinal illness in infants during the first year of life after correcting for confounding variables. The protective effect of breastfeeding is not dependent upon the avoidance of early supplements and persists beyond the period of breastfeeding itself. There is a similar but smaller reduction in the rate of respiratory illness in babies who are breastfed, for 13 weeks. Breastfeeding for 13 weeks also reduces the incidence of hospital admission owing to serious episodes of infectious disease 
Discussion
The conclusions of this article are entirely dependent upon the rigour of the methodology. Every precaution was taken to meet the methodological criteria set out by Bauchner et al. [7] . Assuming that the study is regarded as methodologically sound, it provides very strong evidence that breastfeeding offers substantial protection against gastrointestinal illness in developed countries. The 19% incidence of vomiting and diarrhoea during the first 13 weeks of life was very similar to the 16% incidence reported by Fergusson et al. [10] during the first four months of life in their study in Christchurch, New Zealand. Bearing in mind that the episodes of illness that were reported had to last for at least 48 hours, it is clear that babies who are bottle-fed from birth are exposed to a substantial risk of significant episodes of gastrointestinal illness not only during the first 13 weeks but throughout the first year of life, as shown by the much lower incidence of hospital admission among babies breastfed for 13 weeks or more. A further analysis was carried out to examine the possibility that breastfeeding for less than 13 weeks would offer significant protection. The results showed that breastfeeding for 6 weeks did not confer the same level of protection as breastfeeding for 13 weeks, and confirmed the view that a minimum period of 13 weeks should be recommended to ensure a substantial degree of protection. Another important finding was that exposing infants to breastmilk for only the first few days of life is insufficient to offer any significant protection against infection, suggesting that exposure to colostrum alone is not enough.
This study provides strong evidence to support the promotion of breastfeeding for all mothers in developed countries [3, 11, 12] . It reinforces the need to provide mothers who wish to breastfeed adequate support and facilities in the form of health-service support, creche facilities, and adequate maternity leave. It is also possible that the benefits gained from breastfeeding in the early weeks of life may continue into later stages of infancy and childhood, and this possibility is being examined through further follow-up studies of this cohort of mother-baby pairs.
